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Case 1:04-cv-00305-SLR Document 293-2 


PARTS, FORM, AND CONTENT OF APPLICATION 


1 be seen by looking at the “2” in the “Dep.” col- 
umn opposite claim 4, claim 7 depends from a multi- 
ple dependent claim. This practice is improper under 
35 U.S.C.112 and 37 CFR 1.75(c). Following the pro- 
cedure for calculating fees for improper multiple 
dependent claims, a numeral “1 is placed in the 
“Dep.” column with a circle drawn around it to alert 
the examiner that the claim is improper. 

Claim 8 — Claim 8 is improper since it depends 
from an improper claim. If the base claim is in error, 
this error cannot be corrected by adding additional 
claims depending therefrom. Therefore, a numeral “1” 
with a circle around it is placed in the “Dep.” column. 

Claim 9 — Here again we have an independent 
claim which is always indicated with a numeral “1” in 
the “Ind.” column opposite the claim number. 

Claim 10 — This claim refers to two independent 
claims in the alternative. A numeral “2” is, therefore, 
placed in the “Dep.” column opposite claim 10. 

Claim 11 — Claim 11 is a dependent claim which 
refers to two claims in the conjunctive (“1” and “9’") 
rather than in the alternative (“1” or “9”). This form is 
improper under 35 U.S.C. 112 and 37 CFR 1.75(¢). 

‘ccordingly, since claim 11 is improper, an encircled 
umber “1” is placed in the “Dep.” column opposite 
Claim 11. 


ii) Calculation of Fee in Fee Example 


After the number of “Ind.” and “Dep.” claims are 
noted on form PTO-1360 or PTO/SB/07, each column 
‘s added. In this example, there are 2 independent 
claims and 13 dependent claims or a total of 15 
claims. The number of independent and total claims 
can then be placed on form PTO-875 or PTO/SB/06 
and the fee calculated. 


Il. TREATMENT OF IMPROPER DEPEN- 
DENT CLAIMS 


The initial determination, for fee purposes, as to 
whether a claim is dependent must be made by per- 
sons other than examiners; it is necessary, at that time, 
to accept as dependent virtually every claim which 
refers to another claim, without determining whether 
there is actually a true dependent relationship. ‘The 
initial acceptance of a claim as a dependent claim 
does not, however, preclude a subsequent holding by 
the examiner that a claim is not a proper dependent 
claim. Any claim which is in dependent form but 
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608.01(n) 


which is so worded that it, in fact is not, as, for exam- 
ple, it does not include every limitation of the claim 
on which it depends, will be required to be canceled 
as not being a proper dependent claim; and cancela- 
tion of any further claim depending on such a depen- 
dent claim will be similarly required. Where a claim 
in dependent form is not considered to be a proper 
dependent claim under 37 CFR 1.75(c), the examiner 
should object to such claim under 37 CFR. 1.75(c) and 
require cancellation of such improper dependent 
claim or rewriting of such improper dependent claim 
in independent form. See £x parte Porter, 
25 USPQ2d 1144, 1147 (Bd. of Pat. App. & Inter. 
1992) (A claim determined to be an improper depen- 
dent claim should be treated as a formal matter, in that 
the claim should be objected to and applicant should 
be required to cancel the claim (or replace the 
improper dependent claim with an independent claim) 
rather than treated by a rejection of the claim under 
35 U.S.C. 112, fourth paragraph.). The applicant may 
thereupon amend the claims to place them in proper 
dependent form, or may redraft them as independent 
claims, upon payment of any necessary additional fee. 

Note, that although 37 CFR 1.75(c) requires the 
dependent claim to further limit a preceding claim, 
this rule does not apply to product-by-process claims. 

Claims which are in improper dependent form for 
failing to further limit the subject matter of a previous 
claim should be objected to under 37 CFR 1.75(c) by 
using form paragraph 7.36. 


" 7.36 Objection, 37 CFR 1.75(c), Improper Dependent 
Claim 

Claim [1} objected to under 37 CFR 1.75(c), as being of 
improper dependent form for failing to further limit the subject 
matter of a previous claim. Applicant is required to cancel the 
claim(s), or amend the claim(s) to place the claim(s) in proper 
dependent form, or rewrite the claim(s) in independent form. {2}. 


Examiner Note: 

1. In bracket 2, insert an explanation of what is in the claim and 
why it does not constitute a further limitation. 

2. Note Ex parte Porter, 25 USPQ2d 1144 (Bd. Pat. App. & 
Inter. 1992) for situations where a method claim is considered to 
be properly dependent upon a parent apparatus claim and should 
not be objected to or rejected under 35 U.S.C. 112, fourth para- 
graph. See also MPEP § 608.01(n), “Infringement Test” for 
dependent claims. The test for a proper dependent claim is 
whether the dependent claim includes every limitation of the par- 
ent claim. The test is not whether the claims differ in scope. A 
proper dependent claim shall not conceivably be infringed by any- 
thing which would not also infringe the basic claim. 


Rev, 3, August 2005 
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EXHIBIT 17 
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THIS EXHIBIT HAS BEEN 
REDACTED IN ITS ENTIRETY 
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EXHIBIT 18 
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THIS EXHIBIT HAS BEEN 
REDACTED IN ITS ENTIRETY 
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(57) ABSTRACT 


The present invention discloses plant derived nucleic acid 
molecules and proteins. The protein disclosed in the present 
invention bave 5'-phosphoribosy!-5-aminoimidazole (AIR) 
syuthetase activity. Furthermore, the present invention pro- 
vides methods for producing transgenic plants, transgenic 
pinot tissues, transgenic plant seeds, sod transgenick plant 
cells using genes encoding enzymes having AIR synthetase 
activity. 
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herbicides, particularly the agronomically important crops 
mentioned above. According to this embodiment, plants, 
plant tissue, plant seeds, or plant cells are transformed, 
preferably stably transformed, with a recombinant DNA 
molecule comprising a suitable promoter functional in plants 
operatively Hinked to a nucleotide coding sequence that 
encodes a modified AIR synthetase that is tolerant to inhi- 
bition by a herbicide at a concemtration that would nommaily 
inhibit the activity of wild-typs, unmodified AIR syathetase. 
Modified AIR synthetase activity may also be conferred 
upon a plaot by increasing expression of wild-type 
herbicide-sensitive AIR synthetase by providing multipic 
copies of wild-type AIR synthetase penes to the plant or by 
overexpression of wild-type ATR synthetass genes under 
control of a stronger-than-wild-type promoter. The tans- 
penic plants, plant tissue, plant seeds, or plant cetls thus 
created are then selected by conveotional selection 
techniques, whereby herbicide tolerant lines are isolated, 
characterized, and developed Alternately, random or site~ 
specific mutagenesis may be used to generaic herbicide 
tolerant Hines. 

Therefore, the present invention provides a plant, plant 
cell, plant seed, or plant tissue transformed with a DNA 
molecule comprising a nucleotide sequence isolated from a 
plant that encodes an enzyme bnving AIR synthetase 
activity, wherein the enzyore bas AIR synthelase activity ond 
whereia the DNA molecule confers upon the plant, plant 
cell, plant seed, or plant fissus tolerance to a herbicide in 
arsounts that normally inhibits naturally occurring AIR 
synthetase activity, According to one example of this 
embodiment, the enzyme having AIR synthetase activity is 
encoded by a nucleotide sequence identical or substantially 
similar to the nucleotide sequence set forth in SEQ TD NO:2 
or SEO ID NO:3, or bas an amino acid sequence identical or 
substantially similar to the amino acid sequence set forth in 
SEQ ID NO:2 or SEQ ID NO;4. 

The invention also provides a method for suppressing the 
erowth of # plant comprising the step of spplying to the pjant 
a chemical that inhibits the naturally occurring AIR syn- 
thetase activity in the plant. In a related aspect, the present 
invention is directed to 2 method for selectively suppressing 
the prowth of weeds in a field contsining a crop of planted 
crop seeds or plants, comprising the steps of: (a) planting 
herbicide tolerant crops or crop seeds, which are plants or 
plant seeds that are tolerant to a herbicide that inhibits the 
naturally occurring AIR synthetase activity; and (>) applying 
to the crops or crop seeds aod the weeds in the field o 
herbicide in amounts that inhibit naturally occurring AIR 
synthelase activity, wherein the herbicide suppresses the 
growth of the weeds without significantly suppressing the 
growih of the crops. 

Other objects and advantages of the present invention will 
become apparent to those skilled in the art from a study of 
the following description of the invention and non-miting 
examples 


DEFINITIONS 


For clarity, cerloin terms used in the specification are 
defined and presented as follows: 

Activatabie DNA Sequence: a DNA sequence that regu- 
Intes the expression of genes in a genome, desirably ‘the 
genome of a plant The activatable DNA sequence is 
complemeniary to a larget gene endogenous in the genome. 
Wheo the activatable DNA sequence is introduced and 
expressed in a cell, it inbibits expression of the tnnget gene. 
An activatable DNA sequence useful in conjunction with the 
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present invention includes those encoding or acting as 
dominant inhibitors, such as a translatable or notranslatable 
sense sequence capable of disrupting gene function in stably 
transfonmed plants to positively identify ont or more peoes 
essential for normai prowth and development of a plant. A 
preferred activatable DNA sequence is an antisense DNA 
sequences. The target gene preferably encodes 3 protein, such 
as a biosynthetic enzyme, receptor, signal transduction 
protein, structural gene product, or iransport proicin that is 
essential to the growth or survival of the plant. In an 
especially preferred embodiment, the target gene encodes an 
enzyme having AIR synthetase activity, The interaction of 
the antisense sequence and the target gene results in sub- 
Slantial inhibition of the expression of the targel pene so as 
to kil) the plant, or at least inhibit oormal plant growth or 
development. 

Activatable DNA Constrict: a recombinant DNA con- 
struct comprising a synthetic promoter operatively Hnked to 
the activatable DNA sequence, which when introduced into 
a cell, desirably a plant cell, is not expressed, i.¢. is silent, 
unless a complete bybrid transcription factor capnbie of 
binding to and activating the synthetic promoter is present 
The activalable DNA construct is introduced into cells, 
tissues, or plants to form stable transgenic lines capable of 
expressing the activatable DNA sequence 

Co-factor: natural reactant, such as an orpanic molecule or 
a metal ion, required in an enzyme-catalyzed reaction. A 
co-factor is e.g. NAD(P), riboflavin (iecluding FAD and 
FMN), folats, molybdopterin, thiamin, biotin, ipoie acid, 
pantothenic acid and cocnzyme A, S-adenosylmethionine, 
pyridoxal phosphate, ubiquinone, menaquinone. 

Coupled synibesis: 8 enzymatic biosynthesis, in which a 
final product is synthesized by two sequential enzymatic 
steps, wherein the substrate for the first enzymatic step is 
converted by the first enzyme to an intermediate product, 
which serves os a substrate for the second enzymatic step 
and is converitd by the second enzyme to the final product, 
witbout external eddition of the intermediate product. 

DNA shuffling: DNA shuffing is a method to introduce 
mutations or rearrangements, preferably randomly, in 2 
DNA molecule or lo generate exchanges of DNA sequences 
between two or more DNA molecules, preferably randomly. 
The DNA molecule resulting from DNA shuffling is a 
shuffled DNA molecule that is a non-naturally occurring 
DNA molecule derived from at least one template DNA 
molecule. The stuffed DNA encodes an enzyme modified 
with respect to the enzyme encoded by the template DNA, 
and preferably bas an altered biological activity with respect 
to the enzyme encoded by the template DNA. 

Enzyme activity: means hereis the ability of an enzyme to 
calnlyze the conversion of a subsirats inlo a product A 
substrate for the enzyme comprises the natural substrate of 
the enzyme but also comprises analogues of the natural 
substrate which can also be converied by the enzyme into 4 
product or into an analogue of a product. The activity of the 
enzyme is measured for example by determining the amount 
of product in the reaction after a certain period of time, or 
by determining the amount of substrate remaining in the 
reaction mixture afler a cerisin period of time. The activity 
of the enzyme is also measured by determining the amount 
of an unused co-factor of the reaction remaining in the 
reaction mixturs after a certain period of Hime or by deter- 
miniog the smount of used co-factor in the reaction mixture 
after » certain period of time. The activity of the cozyme is 
also measured by delermining the amount of a donor of free 
enerpy or energy-rich molecule (e.g. ATP, 
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phosphocnolpyruvate, acety] pbasphate or phosphocreatine) 
remaining in the reaction mixture after a certain period of 
time or by delermining the amount of a used donor of free 
energy or energy-rich molecule (c.g. ADP, pynivate, acetate 
of creatine) in the reaction mixture after a contain period of 
time. 

Herbicide: a chemical substance used to inli or suppress 
the growth of plants, plant cells, plant seeds, or plant LISSUES. 

Heterologous DNA Sequence: 2 DNA sequence not natu- 
rally associated with a host cell into which it is introduced, 
including non-paturally occurring multiple copies of a natu 
rally pccurring DNA sequence. 

Homologous DNA Sequence: a DNA sequence naturally 
associated with a host cell into which it is introduced. 

Inhibitor: a chemical substance that inactivates the enzy- 
matic activity of a protein such as a biosynthetic enzyme, 
receptor, signal transduction protein, structural gene 
product, or transport protein that is essentia] to the growth or 
survival of the plant In the context of the instant invention, 
nn inhibitor is a chemical substance that inactivates the 
enzymatic activity of AIR synthetase from es plant. The term 
“herbicide” is used herein to define an mbibitor when 
applied to plants, plant cells, plant seeds, or plant tissues. 

Isogenic: plants which are genetically identical, excep! 
that they may differ by the presence or absence of 2 
transpence. 

Isolated: in the context of the preseal invention, an 
isolated DNA molecule or an isolated enzyme is » DNA 
molecule or enzyme that, by the band of man, exists apart 
from its native environment and is therefore not a product of 
nature, An isolated DNA molecule or enzyme may exist io 
a purified form or may exist in a non-native covironment 
such as, for example, a transgenic host cell. 

Mature protein: protein which is normally targeted to a 
cellular organelle, such as a chloroplast, and from which the 
transit peptide bas been removed. 

Minimal Promoter: promoter eJements, particularly a 
TATA element, that are inective or thet have greatly reduced 
promoter activity in the absesce of upstream activation. In 
the presence of a suitable transcription factor, the minimal 
promoter fuoctinns to permit transcription. 

Modified Enzyme Activity: enzyme activity different 
from that which naturally occurs in a plant (ic. cozyme 
activity that occurs naturally in the absence of direct or 
indirect manipulation of such activity by man), which is 
tolerant to inbibjtors that inhibit the oatrally occurring 
enzyme activity. 

Pre-protein: protein which is normally targeted to 2 cel- 
lular organelic, such es a chloroplast, end still comprising its 
iransit peptide. 

Significant Increase: an increase in enzymatic activity that 
is Jarger than the margin of error inherent in the measure~ 
ment technique, preferably an increase by about 2-fold or 
greater of the activity of the wild-type enzyme in the 
presence of the inhibitor, more préferably an increase by 
about 5-fold or preater, and most preferably an increase by 
abou! 10-fold or greater. 

Significantly less: means that the amount of a product of 
an enzymatic reaction is larger than the margin of error 
inherent in the measurement technique, preferably a 
decrease by about 2-fold or greater of the activity of ‘the 
wild-type enzyme in the absence of the inhibitor, more 
preferably an decrease by about 5-fold or greater, and most 
preferably an decrease by about 10-fold or greater. 

In its broadest sense, the term “substantiolly similar’, 
when used herein with respeci to a pucieotide sequence, 
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mruns a nucleotide sequence corsponding to a reference 
nucleotide sequence, wherein the corresponding sequence 
encodes a polypeptide having substantially the same sinic- 
ture and function as the polypeptide encoded by the refer- 
ence nucleotide sequence, e.g. where only changes in amino 
acids pot affecting the polypeptide function occur. Desirably 
the substantially similar nucieotide sequence encodes the 
polypeptide encoded by the reference nucicolide sequence. 
The percentage of identity between tbe substantially similar 
nucleotide sequence and the reference nucleotide sequence 
desirably is at least 65%, more desirably at least 75%, 
preferably at least 859, more preferably at lens! 90%, still 
more preferably at least 95%, yet still more preferably at 
least 999%. Sequence comparisons are carried out using # 
Smith-Waterman sequence alignment algorithm (see c.g. 
Waterman, M.S. Introduction to Computational Biology: 
Maps, sequences and genomes. Chapman & Hall. London: 
1995. ISBN 0-412-99391-0, or on the World Wide Web at 
bto.usc.edu/software/scgaln/index.biml). The locals 
prograra, version 1,16, is used with following parameters: 
match: 1, mismatch penalty: 0.33, open-gap penalty: 2, 
extended-pap penalty: 2. A nucleotide sequence “substan- 
tially similar” to reference nucleotide sequence hybridizes to 
the reference sucleotide sequence in 79% sodium dodecyl 
sulfate (SDS), 0.5 M NaPO,, 1 mM EDTA at 50° C. with 
washing in 2x5SC, 0.19 SDS at 50° C., more desirably io 
7% sodium dodecyl sulfate (SDS), 05 M NaPO,, 1 mM 
EDTA at 50° C. with washing in 1xSSC, 0.1% SDS at 50° 
C.,, more desirably still in 7% sodium dodecy! sulfate (SDS), 
05 M NaPQ,, 1 mM EDTA at 50° C. with washing in 
05xS5C, 0.1% SDS at 50° C, preferably in 75 sodium 
dodecy! sulfate (SDS), 0.5 M NaPO,, 1] mM EDTA at 50° C. 
with washing in 0.1xSSC, 0.1% SDS at 50° C, more 
preferably in 7% sodium dodecyl sulfate (SDS), 0.5 M 
NaPO,, 1 mnM EDTA at 50° C with washing in 0.1xSSC, 
0.155 SDS a 65° C. 


The tenn “substantially similar”, when used herein with 
respect to a protein, means a protein comesponding to a 
reference protein, wherein the protein has substantially the 
same simicture and fiinction as the reference protcin, ¢ ¢ 
where only changes in amino acids sequence not affecting 
the polypeptide function occur. When used for a protein or 
an amino acid sequence the percentage of identity between 
the substantially similar and the reference protein or amino 
acid sequence desirably is at least 65%, more desirably al 
least 75%, preferably at least 85%, more preferably at least 
90%, sili more preferably at Jeast 95%, yet still more 
preferably at least 99%. 


Substrate: a subsirate is the molecule that the enzyme 
naturally recopnizes and converts to a product in the bio- 
chemical patbway in which the enzyme naturally carries out 
its function, or is a modified version of the roolecule, which 
is also recognized by the enzyme and is converted by the 
enzyme to a product in an enzymatic reaction similar to the 
naturally-occurring reaction. 


Tolerance: the ability to continue normael growth or fusc- 
tion when exposed to an inhibitor or herbicide. 


Transformetion: a process for introducing heleroiogous 
DNA into a coll, tissue, or plant. Transformed cells, tissues, 
or plants are understood to cucompass not only the end 
product of a transformation process, but also transgenic 
progeny thereof 


Transgenic: stably transformed with a recombinant DNA 
molecule that preferably comprises a suitable promoter 
operatively linked io a DNA sequence of interest. 
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(57) ABSTRACT 


This invention relates to methods for producing, at a high 
frequency, transgenic plants that contain little if any vector 
sequences, have simple integration patterns, contain few 
copies of the transgene at each Jocus, express the transgene 
at all stages of development and do not exhibit transgene 
silencing. The method comprises introducing minimal trans~ 
gene expression cassettes, which are substantially or totally 
devoid of vector sequences, by direct DNA transfer, pref- 
erably by particle or microprojectile bombardment. This 
invention also relates fo transformed plant cells, the traps- 
genic plants regenerated therefrom, and subparts of the 
transpenic plants produced by the methods of this invention. 
The invention also includes ail progeny and subsequent 
progeny (i.c., all subsequent generations) derived from pri- 
mary transformants through selfing or crossing. 
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TRANSFORMATION METHOD AND 
TRANSGENIC PLANTS PRODUCED 
THEREBY 


This application claims poonsty from U.S. Ser, No. 
60/144,513, fled Jul. 19,1999 and incorporated herein in its 
ontirety, 


FIELD OF THE INVENTION 


This invention relates to methods for producing trans- 
genic plants at a high efficiency wherein the transgenic 
plants contain little if any vector sequences, exhibit simple 
transgene integration pattems, bave the transgene integraled 
at only one or a few integration sites, contain few copies of 
the transgene at cach integration site, and stably express the 
transgene at al} stapes of development. Few if any of the 
transgenic plants produced by this method exhibit transgene 
silencing. The method comprises introducing “minimal 
transgene expression casseltes”, which are expression cas- 
sclies substantially devoid of vector sequences, by direct 
DNA transfer technigues, particularly particle 
bombardment, of intact plant cells.. 


BACKGROUND OF THE INVENTION 


This now a routine procedure to generate transgenic plants, 
either through Agrobacterjum-mediated transformation or 
direct DNA transfer methods (Geivin, Curr. Opin. 
Biotechnoal., 9:227-232 (1998); Komari et at., Curr. Opin. 
Plant Biol, 1:161~165 (1998); Tyagi ct al, Crit, Rev. 
Biotechnol., 19:41~-79 (1999)}. Many commercially impor- 
tant dicot and monocot species have been transformed. 
However, while the transformation procedure itself is no 
longer considered a limiting step, the recovery of useful 
transgenic lines is hampered by variable transgene expres- 
sion levels and trapspens silencing (Flavell, Proc. Natl 
Acad, Sci, USA, 91:3490-3496 (1994); Finnegan, Amn Rev. 
Plant Physiology, 49:223--247 (1998)). Complete or partial 
transgene silencing has been attributed to a sumber of 
factors including the copy number of the integrated genes 
(Matzke and Matzke, Plant Physiol., 107:679-685 (1995) 
and Matzke ef al. Afol. Gen. Genet, 244:219-229 (1994)), 
the position of transgene intepration (Hobbs ct al, Plant 
Mol, Biol., 15:851-864 (1990); Peach and Velien, Plant Mol. 
Biol, 17:49~60 (1991); Matzke and Matzke, Curn Opin. 
Plant Biol., 1:142-148 (1998)), the configuration and struc- 
ture of the transgenic locus (Stam et al, Plant J., 12:63-82 
(1997)), the structural inteprity of individual transgenes 
(Kobki et al, 1998) and the genetic properties of the bost 
plant, {e.g., genetic background, ploidy and zygosity) 
(Beaujean et al., Mol Gen. Genet., 260:362-371 (1998). 

Whole plasmid transformation is sul almost universal in 
plant systems. This may trace its roots to the requirement for 
Agrobaclerium vector sequences in Agrobacterium. 
mediated transformation. The Aprobacterium vector carries 
essential vir genes required for DNA excision, transfer and 
integration. In previously described transformation methods, 
the transgene cassette encoding a desired product is cloned 
into a vector, ¢.g,, @ plasmid, a virus or en Agrobacterium Ti 
plasmid, and the entire vector containing the transgene 
cassetle is introduced into the plant cell. However, vector 
sequences serve no required purpose for DNA transfer and 
integration in direct DNA transfer procedures such as, ¢.7, 
particle bombardment, The methods of this invention gen- 
erate transgenic plants that display stable transgene expres- 
sion at a higher frequency than produced by previously 
desenbed methods. In embodiments wherein two or more 
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lransgenes are simultansously introduced into the plants, the 
frequency of transgene co-expression is higher than the 
frequency of co-expression produced by previously 
described methods. The transgenic plants produced by the 
methods described herein exhibit simple integration 
pattems, low copy number of the transgene and in general do 
not exhibil transgene silencing. 


BRIEF DESCRIPTION OF THE FIGURES 


FIG. 1 depicts a Southern blot of genomic DNA from 
bar-transpenic rice plants, digested with the ‘non-cutter” Sfil 
(S) or with HindI] (A), which cuts once within the trans- 
gene cassette and hybridized with a bar probe. 

FIG. 2 depicts a Southem blot of genomic DNA from 
hpt-transgenic rice planis, digested with Sali, which cuts at 
the 3’-end of the transgene cussetic, and hybridized with an 
hpt probe. Memarkers. 

FIG. 3 depicts a Southern blot of genomic DNA fom 18 
hpt-gusA-transgenic rice plants, digested with Ncol, which 
cuts at the 5'-end of the transgene cassette, and probed with 
a pusA probe. Memmarkers. 


DETAILED DESCRIPTION OF THE 
INVENTION 


An undesirable property of vector backbone sequences is 
their tendency to promote transgene reatranpemenis. The 
involvement of the veclor backbone in vector-vector recom 
bination events has been reported by several proups, and a 
number of recombination hotspots have been identified that 
stimulate ilegitimate recombination through the formation 
of stable secondary structures. Oue particular hotspot is the 
vector’s origin of replication, which may represeat 1 target 
for the nucicases and topoisomerases involved in illegiti- 
mate recombination events. Indeed, consensus topoi- 
somerase sites are often found near vector-vector and vector- 
penomic recombination junctions in plants and animals. 
Another disadvantage of transforming plants with oucicic 
acid molecules comprisisg vector sequences ts the concern 
that new replicons, comprising vector origins of replication 
and plan! genomic DNA, may escape into the environment. 
Furthermore, recombinogenic clements in the vector back- 
bone may be responsible for complex vector multimeriza- 
tion events also involving segments of penomic DNA, 
resulting in the integration of jarpe transgene complexes. 
Multiple transgene copics are undesirable, as high copy 
number is thought to inhibit transgene expression and con- 
tribute to transpene silencing. Additionally, very large trans- 
genic loci can be meiptically unstable, leading to excision of 
the Jocus and loss of transpene expression in subsequent 
generations. Thus, vector backbone sequences are undesir- 
able as well as superfluous in direct DNA transfer proce- 
dures. 

Therefore, it is desirable to generats transgenic plants 
wilh low transgene copy numbers, small transgenic loci, 
little or no transgene silencing and stable transgene expres- 
sion. The methods descnbed herein achieve these results by 
transforming plant cells with minimal uansgene expression 
casseties, which are DNA expression cassettes substantially 
devoid of vector sequences, and direc! DNA transfer tech~ 
niques. This is the first report of stable transgenic plants 
coniaining an expression cassette devaid of sequences fom 
the vector into which it was originally cloned. 

The frequency of transgenic plant lines with simple, low 
copy intepration events is much greater for the plants 
pentraicd by the melhods of this invention, i.¢, plants 
regenerated from ceils that were transformed with minimal 
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lranspene expression cassetics and direct DNA. transfer 
techniques, as compared to plant cells that were transformed 
with supercoiled or linearized vectors, ¢.g., plasmids. This is 
true for both selected and non-selecied transgenes. While the 
co-transformation efficiency is essentially the same between 
the minimal transgene expression casscties and plasmid 
constructs, the incidence of transgene silencing is much 
lower and ibe co-expression frequency for multiple trans- 
penes is significantly higher for those plants produced by the 
methods af this invention as compared to previously 
described methods. We discuss these resulis infra in relation 
fo co-transformation experiments with minimal transgene 
expression casselies comprising selectable marker genes and 
cassettes encoding products of agronomic interest. 

One embodiment of this invention is a heterogenous 
population of transgenic plants wherein at least 70% of the 
transgenic plants have a simple transgene integration pattern 
and a jow rate of transgene silencing. Preferably, the rate of 
transgene silencing is less than 20% of the transgenic plants 
having a simple integration pattern, more preferably Jess 
than 5% undergo transgene silencing aod most preferably 
none of the population of transgenic plants having simple 
integration patterns undergo transgene silencing. 

Also an embodiment of this invention is a method for 
transforming plant cells by direct DNA transfer, particularly 
particle bombardment, with one or more minimal transgene 
expression casseties. Minimal transgene expression cas- 
selics ars expression casselies consisting essentially of a 
transpene comprising a nucieic acid sequence that encodes 
a desired product such as, ¢.¢., an enzyme, a mammalian or 
avian protein, ¢.g., an antibody or a growth factor, or a factor 
for resistance to an antibiotic or herbicide, or an antisense 
RNA, in operable Linkape with sequences that regulate the 
expression of the nucleic acid sequence. The minimal trans- 
pene expression cassette comprises at Jeast one transgene 
comprisiog at least a promoter in operable linkage with a 
wucleic acid molecule having 2 sequence that encodes a 
desired product and may also comprise an operator, an 
enhancer, a terminator, or a polyadenylation signal, etc. that 
repulais the expression of the transpene(s). The minimal 
transgene expression cassette is substantially devoid of 
sequences that do not encode or regulate the expression of 
the desired product, For example, less than about 10~15% of 
the minimal transgene expression casselle sequences are 
vecior sequences, ic. mucleotide sequences that do not 
encode a desired product or regulate the expression of that 
product. Preferably, less than about 50 base pairs of the 
minimal transpene expression cassette are vector sequences, 
More preferably, the minimal transgene expression casselit 
comprises less than about 20 base pairs that are vector 
sequences. Most preferably, the minimal transgene expres~ 
sion cassette is completely devoid of nucleotide sequences 
that are not! part of an clement thal cacodes the transpene(s) 
product(s) or regulates expression of the transpene(s) 
produci{s) of interest. 

Tre methods of this invention efficiently produce trans- 
genic plants that contain Little if any veclor sequences, 
exhibit simple integration patterns, have the transgene inte- 
praicd at only one or a few integration sites, contain few 
copics of the transgene at cach intepration site, and stably 
express the transgene at all stages of development. 

A simple integration pattern refiects at Jeast one and no 
more than about five integration sites within the genome of 
the transgenic plant, wherein cach inisgration site has at 
least one and no more than about five copies of the transgene 
inserted at each site, Preferably, there are no more than three 
iniegration sites in the plant genome. More preferably, there 
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is no more than one integration site in the plant genome. 
Preferably, there are af least one and no more than three 
copies of cach transgene in cach integration site. More 
preferably, there is one copy of cach of the transgenes that 
are present at an integration site. 

The simple transpene integration pattern may be detected 
on a Southera blot. For example, a Southem blot prepared 
from samples of transgenic plant genomic DNA digested 
with (1) a restriction enzyme that docs not have a recogni- 
tion site within the transgene cassette prior to its integration 
into the plant DNA and that only infrequently cuts the plant 
genomic DNA and (2) a restriction cazyme that has a single 
restriction site within the transgene cassette. An enzyme tha! 
only infrequently cufs genomic DNA produces genomic 
DNA fragments of at Ieast about 64 kb. An example of such 
an “infrequent cutter” is a restriction enzyme which recop- 
nizes an cight base pair sequence. The Southern blot of the 
digested DNA hybridized to a transgene specific probe under 
stringent conditions (e.g.,2xSSC, 0.5% SDS at 65° C. for 20 
minutes and 0.2xSSC, 0.5% SDS at 65° C. for 26 minutes, 
or equivalent stringency conditions) displays a simple inte- 
gration pattern. The simple integration paticm is manifested 
as only one to shout three bands of bybridizing DNA for the 
genomic DNA digested with tbe enzyme that does not have 
A recognition site in the transgene and these bands resolve 
inio only one to about three bands for the genomic DNA 
digested with the enzyme that bas a single recognition site 
within the transgene cassetic. 

The methods of this invention eficiently produce trans- 
genic plants wherein the transgene is stably expressed in the 
plant tissuc. Preferably, ot least about 70% of transgenic 
plants generaled from the transformed plant cells stably 
express the transpene and this stable expression is inherited 
by the propeny of the transpenic plants. Also contemplated 
within the scope of this invention are progeny plants having 
stable expression of the transgenes and their production by 
classical crossing of two transgenic plants produced by the 
methods of this invention. 

Plants, which include a plant cell according to the 
invention, are also provided, along with any part or 
propagule thereof, seed, selfed or hybrid progeny and 
descendants. A plant according to the presen! invention may 
be one which does not breed true in one or mare properties. 
Plant varieties wony be excluded, particularly repistrable 
plani varieties according to Piant Breeders’ Rights. It is 
noted that a plant need not be considered a “plant variety” 
simply because it contains stably within Hts genome a 
transpene, introduced into a cell of the plant or an ancestor 
thereof. 

Plant cells may be transformed with the minimal trans- 
gone expression cassetle by using any suitable direct DNA 
transfer technology, such a5, ¢.g., particle or microprojectile 
bombardment (U.S. Pat. No. 5,100,792, EP-A444882, 
EP--A-434616, incorporated berein by reference), microin- 


55 jeclion (WO 92/09696, WO 94/00583, EP 331083, EP 


6D 


175966, Green et al, Plont Tissue and Cell Culture, Aca- 
demic Press (1987) all incorporated herein by reference), 
electroporation (EP 290395, WO 87/06614 incorporated 
berein by reference), liposome mediated DNA uptake (c.g., 
Freeman et al, Plant Cell Physiol, 29:1353 (1984) 
incorporated herein by reference), the vortexing method 
(Kindle, PNAS USA, 87:1228(1950), incorporated herein by 
reference), silicon carbide fibers (U.S, Pat. No. 5,302,523 
incorporated herein by reference) and other fonns of direct 
DNA uptake (DE 4005152, WO 9012096, U.S. Pat. No. 
4,684,611, all incorporated herein by reference). For a 
review of physical methods for the transformation of plant 
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cells see, ¢f7., Onrd, Biotech, Adv, 9:1+11 (4991), 
Preferably, the plant cells are transformed by particle or 
microprojectile bombardment. 

Those of skill in the art appreciate that different methods 
mzy be used for the regeneration of transgeme plants from 
transformed cells in culture. A planl may be regenerated, 
e.g., from single cells, callus tissue (Type } or Type 1), leaf 
discs, and immature or mature embryos, hypocotyls and 
cotyledons, as is standard in the art. Almost any plant, ¢.g., 
rice, wheal, corn, oat, barley, songhum, legumes, and woody 
species, can be entirely regenerated from cells, issues and 
orpans of the plant. The generation of fertile transgenic 
plants has been achieved in cereals, ¢ g., rice, maize, wheat, 
ont, and barley (reviewed in Shimamoto, K., Current Opin- 
ion in Biotechnology, 5:158-162 (1994), Vasil et al. Bio/ 
Technology, 10:667-674, (1992), Vain et al, Biotechnology 
Advances,13:4:653-671, (1995); Vustl, Nature 
Biotechnology, 14, page 702 (1996)). Availuble techniques 
are also reviewed in Vasil ct al, Cell Culture and Somatic 
Cell Genetics of Plants, Vol I, H, and Wi, Laboratory 
Procedures and Their Applications, Academic Press, (1984), 
Weissbach and Weissbach, Methods for Plant Molecular 
Biology, Academic Press, (1989) and also Christou, Plant 
Mol Biol. 163:39-44 (1997); Cao et al, Plant Gene 
Transfer, UCLA Symposium Molecular and Cellular 
Biology, 129:21-33 (1990), D’Halluin et al., Plant Cell, 
4:1495-~1505 (1992), and Lowe et al, Bio/Technology 
13:677-682 (1995) (all incorporated herein by reference). 

The minimal transgens expression cassette may contain 
one oF more genetic marker genes, “peaclic markers.” Those 
of skill in the art will appreciate that there mre roany different 
Kinds of genetic markers that may be incorporated into the 
minimal transgene expression cassette and that the useful- 
ness of a genetic marker is dependent on the host system 
where the marker is to be expressed, Selectable penolic 
markers useful in this invention include any gene that 
encodes a product which provides for a growth advantage of 
transformed plant cells or a growth advantage of transgenic 
plants that or regenerated from those cells. For example, the 
product may confer resistance fo an anubiotic, a herbicide, 
or a metabolic inhibitor, Selectable genetic markers may be 
chimeric genes that confer selectable phenotypes such as, 
¢.@., resisiance to antibiotics such as kanamycin, 
hygromycin, phosphinothricin, chlorosulfuron, 
methotrexate, gentamycin, spectinomycin, streptomycin, 
methotrexate, imidazolinones, and glyphosate. The select- 
able marker may encode, ¢ g., phosphinothricin scetyltrans- 
ferase (pal) (De Block et al, EMBOJ, 6:2513-2518 (1987), 
hygromycin phosphotransferase (hpt) (Datta et al, Bio/ 
Technology 8:736-746 (1990)) and otbsr enzymes such as, 
¢.g., neomycin phosphotransferase, kanamycin 
phosphotransferase, epsp synthase, acctolaciate synthase 
and mannose isomerase. Preferably, the selectable genctic 
marker is the bar or bpt gene. The genetic marker may also 
be a nucleic acid molecule that encodes a product that docs 
not confer a prowth advantage under particular conditions 
but allows one to identify, “screen for”, the plants that have 
incorporated the genelic marker, ¢.p., it does nol provide for 
resistance fo a tyiotoxic or cylostalic compound but encodes 
a “sereenable” product, such as, c.g. luciferase (luc), green 
fluorescent protein (Gip) or beta-glucuronidase (gusA). 

The minimal transgene expression casselic may comprise 
one or more mucleic acid sequences which encode a product 
of interest, ¢.g., a predesigned synthetic polypeptide (see for 
example U.S. Pat. No. 5,811,654), an enzyme, a growth 
factor, a cell surface receptor molecule, a seed storage 
protein, a fungicide, or fragments thereof, an antibody or 
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6 
fragment thereof ¢.g¢., Fab!, F(ab'),, single chain Fv 
fragments, bispecific single chain Fv fragments and 
diabodies, in operable linkage with » promoter and may 
further comprise an operator, an enhancer, a termination 
sequence, & polyadenylation sequence or other flanking 
sequences that repulate the expression of that product within 
plants. The transpene may comprise apy promoter suitable 
for expression in plant cells and may have plant or non-plant 
oripins, ¢-¢., mammatian, bacterial or viral promoters. Suit- 
able promolers include, for example, a seed specific 
promoter, a chloroplast specific promoter, a cytosol specific 
promoter, a leaf, stem or root-specific promoter, a lectin 
gene promoter, an opine synthase gene or a nibulose-i,5- 
bis-phosphate carboxylase small subunit gene promoter, an 
esmotin gene promoter, a promoter for Peanut Chlorotic 
Streak Caulimovirus {(PCLSV), so endosperm specific 
promoter, isocitrate }yase promoter, the pea ENOD12 nodu- 
lin promoter and a barley alpha amylase promoter. The 
promoter may be a constitutive promoter, such that expres- 
sion occurs throughout plant tissue(s) or throughout 
development, or both, or an inducible or tissue specific 
promoter tha! is differentially expressed within ihe plant 
tissue{s) cither spatially or temporally during development, 
Preferably the promoter is a CaMV 35s promoter (Gardoer 
etal, NAR, 9:2B71~2888 (1981)), a ubiquitin promoler, low 
molecular weipht glutenin promoter (Colot et al, EMBO S., 
§:3559-3564 (1987)) or a glutetin-1 promoter. (Sec, ¢.g., 
US. Pat. Nos. $5,352,605; §,359,142; 5,424,200: 5,510,474; 


5,614,399; EP342 926 Bl; US. Pat. No. 6,020,190; WO 


98/10062; U.S. Pat. Nos. 5,689,040; 5,693,506; 5,391,725; 
5,646,333; 5,034,322; 5,850,018; 5,837,849; 5,874,626; 
5,850,019; 5,866,763; 5,866,792; 5,589,325; 5,589,331; 
5,859,336, and; 5,830,724 which all disclose promoters 
which function in plants}. 

The transgene may also comprise any terminator ond 
polyadenylation signal that fo is suitable for plant cells. 
Preferably the terminator is a Nopaline synthase {nos) 
terminator, a Rubisco small subunit(ssu) tenminator and a 
CaMV terminator. 

The minimal transgene expression cassette may cocode 2 
chimeric product comprising, ¢.g., & leader peptide or a 
retention signal or both. Suitable leader peptides include, 
t.g., prokaryotic or cukaryotic leader peptides such as, ¢.g., 
an amylase Iesder or a mammalian antibody leader peptide. 
Suitable retention signals include, ¢.g., an endoplasmic 
reticulum (ER) retention signal such as, c.g., a peptide with 
the amino acid sequence, Lys Asp Gln Leu (KDEL) (SEQ ID 
NO; 1) or His Asp Glu Leu (HDEL) (SEQ 1D NO: 2). KDEL 
may be encoded by the nucleotide sequence 5'-AAA GAT 
GAG CTC-3'(SEQ ID NO: 3) and HDEL may be encoded 
by 5' CAT GAT GAG CTC 3(SEQ ID NO: 4). Other 
sequences encoding the KDEL. or HDEL. but diffcring from 
these nucleotide sequences by virtue of depeneracy of the 
genttic code may be employed. The KDEL. or HDEL 
encoding sequence may be operably Linked to a coding 
sequence for a polypeptide to provide for a fusion of the 
polypeptide and the ER retention signal. Generally the 
retention signal is placed at the C-terminus of the polypep~ 
lide although it can be placed at other positions with the 
polypeptide sequence. The ER-retention signal may be pre- 
ceded by a linker sequence, such as, ¢.g., (Gly), 5er (SEQ ID 
NO: 5} and/or Arg Gly Ser Glu (RGSE) (SEQ ID NO: 6) 
(Wandelt et al, Plant J. 2(2}: 181-192 (1992)). 

A leader peptide may be used to direct the product to a 
particular cellular compartment. The leader peplide may be 
of mammalinn origin, and may be munne, such as an 
immunoplobulin light or heavy chain leader peptide. The 
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nucleotide sequence used in the construct to encode the 
leader peptide may be codon optimized for expression in the 
plant of interest, preferably monocot, ¢ ¢., rice, wheal, cora 
or barley. A prefered leader peptide useful in accordance 
with this aspect of the present invention is that of the TMV 
Virion ific mAb24 (Voss et al Mol Breed, 1:39-50 
(1995)}. Modified forms mny also be employed. As with 
otber elements for use in expression cassettes in accordance 
with various aspects of the present invention, the coding 
sequence may be codon optimized for monocot codon usage 
accorling to Angenon et al. (FEBS, 271:144—~146 (1990)). 

The leader peptide may be vacuole targeting signal, such as 
the leader peptide of a strictosidine synthase gene, c.g., that 
of the Cartharanthus roseus strictosidine synthase 
(McKnight et al. (1990) or of Rauwolfia serpentina stricti- 
sodine synthase (Kutchan et al. FEBS Lett, 237 40-44 
(1988)}. For a review of vacuole targeting sequences, see 
Neuhaus Plant Physiol. Biochem, 34(2):217-221 (1996), 
The leader peptide may be a chloroplast targeting signal 
such as of the pea rmubisco leader peptide sequence 
(Guerinean et al, NAR, 16:11:380 (1988)). For 2 review of 
chloroplast targeting peptides see van Heijne et al. (Eur. J. 
Biochem, 180:535~545 (1989)) or Kavanagh et al. (MGG, 
215:38—45 (1988)) or Karlin-Newmann et al. (EMBO J., 
5:9-13 (1986)}. The leader peptide may be a 5’ sequence of 
a sted storage protein, dicot or monocol, causing transport 
into protein bodies, such as the Vicia fobia |egumin B4 
leader (Bacumlein et al, Mol Gen. Genet., 225:121~128 
(1991)). 

Io one embodiment of the invention, the minimal trans- 
gene expression cassette comprises more than ont transgene 
encoding a desired product. Those of skill in the art will 
appreciate that as the size of the minimal transpene expres- 
sion cassetie increases, the size of the transgenic loci are also 
kely to increase. However, there is no evidence to link the 
phemomenon of pene silencing to the size of the initial 
transforming DNA. 

The minimal transgene expression casselte may be iso- 
lated from any suitable vector, ¢.g., plasmid, phagemid or 
viral vector, that is known in the art. Those of skill in the art 
are well acquainted with various protocols for the isolation 
and purification of nucleic acid molecules (See, c.g, Rogers 
and Bendich, in Plant Molecular Biology Manual, 2” Ed. 
11-8 (1994), incorporated herein in its entirely by 
reference). For example, a vector may be digested with one 
or more restriction enzymes and the digested DNA electro- 
phoresed through an SDS polyacrylamide pel or agarose pel 
and the appropriate DNA fragment isolated from the gel 
using the Quiaquick™ pel extraction kit (Quiagen Ltd. 
Boundary Court, Gatwick Road Crawley, West Sussex 
RH10 ZAX (UK)) according to the manufacturer’s instruc- 
tions or purified by other methods such es liquid chromna- 
tography (LC) or high pressure liquid chromatography 
(HPLC), etc. 

Another aspect of this invention is 4 population of trans- 
formed plant cells produced by the method of this invention 
and the population of transgenic plants regenerated from 
those population of transformed ceils. Those of skill in the 
art will appreciate that the population of transgenic plants 
regenerated from the population of transformed plant cells 
wil! bs comprised af non-identical plants because the trans~- 
gene does not necessarily integrais into the same sile in cach 
plant cell during transformation. Thus, another aspect of this 
invention is a population of non-identical transgenic plants 
produced by the methods of this invention wherein at Jeast 
about 60% of the population of transgenic plants have 
simple integration patterns of the integrated transgene cas- 
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setts and stably express the transgene. Preferably, at least 
about 70% of the population of transgenic plants have a 
simple transgene cassette integration pattem and stably 
express the transgene. A! least about 40% of the transgenic 
plants have the transgene cassetic integrated in at most three 
intepration sites. 

The transgenic plant nes obtained from transformed 
plant cells produced by bombardment with minimal trans- 
gene cassettes display a reduced frequency of rearrangement 
events (see, e.g., FIGS. 1, 2, and 3). Ge most of the plants, 
1-3 bands detected on Southern blots of genomic DNA 
digested with restriction enzymes having a six base moop- 
nition site (6 base cutters) indicate the presence of 1 to about 
5 transgene copies, Lines with more copits were rare, 
Without wishing to be bound by theory the integration of 
multiple copies of minimal transgene expression casseites 
that do not contain extensive repions of vector sequences 
could occur in several ways. Firstly, different cassettes could 
integrate simultancously at a damaged chromosomal region 
tbat bas attracted several DNA repair complexes. In such a 
case, the cassettes might be interspersed with genomic 
DNA. Secondly, the cassettes might undergo Wegitimate 
end-joining prior {o integration, and integrate as a unit, in 
which case the cassettes would be contiguous. Finally, as 

discussed recently by Kohli et al. (Proc. Natl. Acad. Sci. 
USA, 95:7203-7208 (2998), a single intepratcd transgene 
may undergo recombination with exogenous DNA cither 
because the exogenous DNA is attracted to repair complexes 
forming at ibe integration siic, or because recombination 
occurs between homologous sequences in the integrated 
transgent and exogenous DNA. In methods that use nucleic 
acid molecules with extensive vector sequences, such 
homologous sequences are usually vector backbone 
sequences, but in this case a sequence within the transgene 
cassette must be responsible. Kohli et ab (Plant J., 
17:591—601 (1999)) demonstrated that a potential cruciform 
structure: surrounding the TATA-box of the CaMV 35S 
promoter (which is used in some of the constructs in the 
Examples) generated a recombination hotspot that was 
involved in more than 40% of the recombinition junctions 
characterized. 

Sfil recognizes the 8 bp = sequences 
5-GGCCNNNNNCCOGG-3{SEQ ID NO: 7}, and docs cut 
the transpene expression cassettes of Example } prior to their 
integration into the plant penome. Southern blots of genomic 
DNA isolated from plants transformed with any of the 
transpenic cassettes disclosed in Example ] and digesied 
with the non-cutter SH typically displayed a single band, 
suppesiing that the integration sife, Lhe mgion of the plant 
genome where the copies of the transgene integrated, was on 
averape smaller than 65 kbp (FIG. 1). However, the presence 
of multiple bands after the digestion of genomic DNA with 
other non-cutters {restriction endonucleases that do nol have 
recopnilion siles within ihe transgene prior to integration in 
ihe plant genome) suggest one or two possibilties: a) de 
novo creation of restriction enzyme recopnition sites as 2 
result of rearrangement; or b) capture of penomic DNA 
between transgenic sequences before or during integration 
(sec, ¢.¢., Salomon and Puchia, “Capture of genomic and 
T-DNA sequences during double-strand break repair in 
somatic plant cells”, EMBO, 17(20):6086-6095 (1998)). 
The interspersal of genomic DNA between transgene 
sequences was reported earlier by Kohli et al. (1998; supra) 
and Pawlowski and Somers, “Transgenic DNA integrated 
into the ost genome is frequently interspersed by bast 
DNA”, PNAS, 95(21):12106-12110 (1998). 

Ta addition, Southern blots demonstrated thal about 80% 
of the transgenic plant to lines in Example 1 generated from 
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cells bombarded with 2 single transgenic cassette, ¢ g., the 
bpt cassetie displayed very simple integration patterns (only 
ons or two bands on Souther bipts of genomic DNA 
digested with an infrequent cutter). Southera blots, hybrid- 
ized with a gusA specific probe, of genomic DNA fom 
transgenic plants, which were generated from cells 
co-bombarded with the pusA and bp! cassettes and selected 
for bypromycin resistance also displayed simple inlegration 
paticmas. This demonstrates that the recovery of a hich 
proportion of plants with simple integration patterns was not 
due to selection pressure since there was no selection for 
gusA., In contrast, Southern blots of genomic DNA from 
plant lines generated by particle bombardment with super- 
coiled plasmids demonstrated that only 20 to 30% of the 
plant lines had simple integration paticrns. The results 
presented herein dengonstrate that the use of linear, minimal 
transgene expression cassettes rather than supercoiled or 
relaxed plasmids Iends io the generation of transgenic plants 
with simple inlepration patiems, low lransgent copy num- 
bers and few cases of transgene rearrangement. 

The methods described herein for the delivery snd inte- 
gration of minimal transgene expression cassettes also 
ensures bigh expression levels and reduction of the silencing 
phenomenon. Expression analysis of the transgenic plants of 
this invention at different prowth stages failed to detect 
lranspene silencing, which is a common phenomenon for 
hiph copy oumber transpenes. 

Transgens expression in essentially all transgenic plants 
generated by the process of this invention is stable and 


beritable. This is in contmst to previous reports which , 


disclose that typically about 20-30% of the transgenic plants 
produced by particle bombardment with whole plasmid 
DNA have low levels of transgene expression or full trans- 
rene silencing, even though some of these transgenic plants 
have simpie integration patterns (Elmayan 7. and Vaucheret 
H... “Expression of single copies of a strongly expressed 35S 
transgene can be silenced post-transcriptionally, Plant 
Journal, 9(6): 787-797 (1996)). 

Although there is a reduced frequency of complex rear- 
rangement patterns of lhe transgenes in the transgenic planls 
of this invention (FIG. 1), the transgene cassette itself may 
sll undergo recombination and rearrangement. Certain of 
the transformed plant lines generated by the method of this 
invention contain multiple copies of the transgene cassette at 
the single locus. However, in most transgenic plants pro- 
duced by this method, the copy mumber of the transgene 
does not exceed three in folal per genome. Transgenic plant 
lines with a copy number of more than three were very few. 

Example | displays the results of transforming plant cells 
with a bar gene minimal transgene expression cassette, 
‘Twenty-six independent transgenic plants were regenerated 
from the bar-transfonned ceils and only three of the twenty- 
six displayed complex integration patterns of the bar gene. 
All copies of the bar gene were lJocaled at single locus in 
these three Lines and high levels of phosphinothricia acetyl- 
transferase (PAT) expression were also detected in these 
three lines. 

The expression of PAT was analyzed in all 26 lines at 
different developmental stages (seedling, vegetative, and 
reproduction) of the 'T, plants to see if transgene silencing 
oceurred af any stage. No transgene silencing was detected 
in the low copy oumber Lines or in the high copy mumber 
lines, These results conclusively prove the sdvantages of 
generating transgenic plants using the minimal sequences 
required for expression of a transgene. 

Some of the transpenic plant lines, whether transformed 
with an bpt minimal transgene cussetic or a2 bar minimal 
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transgene cassette, have a complex integration pattern and in 
some cases the plant lines have multiple copies of the 
minimal transgene expression cassette Integrated al the same 
Incus. These results sugpest that the mechanisms involved in 
inlepration of minimal transgene expression cassettes and 
linearized or supercoiled veciors may be similar, in at least 
some cases. 

Direct DNA transfer technigues, particularly particle 
bombardment, provides for the simultancous delivery of 
oniltiple nucleic acid molecules encoding different products, 
t.g., products of agronomic relevance, lo sconpmically- 
important crop plants. When used in the method of this 
invention the simultaneous delivery of two minimal trans- 
pene cassettes, Le., hpt and gusA minimal transgene expres~ 
sion cassettes, by particle bombardment resulted in 100% 
co-transformation, 

In Example 1, particle bombardment-mediated transfor- 
mation was used to deliver minimal transgene expression 
cassettes comprising a transgene, either bar or bpt, into rice 
embryos. Transgenic plants were then regenerated from the 
bar and hpt transformed rice embryos. Nearly 100% of the 
iranspenic plants produced by this method expressed the 
transgenes at all stages of development. None of the trans- 
genic plants produced by the method of this invention 
exbibited the transgene silencing phenomenon, 

Our surprising results clearly demonstrate that the use of 
minimal transgene expression cassettes in combination with 
direct DNA transfer techniques, particularly particle 
bombardment, improves the frequency of generating trans- 
formed planis having transgenes in low copy number, a 
simple integration patiera with oo more than a few integra- 
tion sites, a reduced incidence of transgene silencing and 
stable expression of the transgene in plants all through 
development. To dair we have not detected transgene silenc- 
ing in any of the transgenic plants or in any of their progeny 
that have been analyzed. 

The method disclosed herein may be applicd to any plant 
lissue cell that can be transformed by direct DNA transfer 
techniques, particularly particle bombardment. Such plant 
tissue cells include, ¢.g., single cells, callus tissue (Type I 
and ‘Type If), jeaf discs, immature or mature embryos, 
morrisitm cells, root cells, bypocotyl cells and cotyledon 
cells, protoplasts or cell suspensions, Preferably, the proto- 
cols transform intact plant tissues, ¢.g., immature or mature 
embryo plant cells, callus celts (Type 1 and Type 2), mer- 
istem cells, leaf cells, root cells, hypocotyl cells, cotyledon 
cells and shoot cells. 

Also contemplated within the scope of this invention are 
food and animal feed products comprising the plants and 
their progeny nnd plant paris thereof. In addition, plants with 
apronomic, industrial, value added traits or alternative use 
traits are also contemplated. 

Otber aspects of the invention will be clear to the skilled 
ertison, and nted not be set forth here, The terms and 
expressions which have been employed are used as terms of 
description and not of limitation, and one of skill in the art 
will recognize that various modifications are possible within 
the scope of the invention. 


EXAMPLES 


Example 1 
Gene Constructs 
Minimal expression cassettes were isolated after digestion 
of pWRG 2426 (Copley et al. (1995)) with various combi- 
vations of the restriction enzymes Xho! and Xbal (bar), Sail 
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and Kpnl (hp!) and NotI (gusA) under conditions recom- 
mended by the supplier. Restriction digestions for each of 
the three chimeric genes were performed independently. 
Digestion of plasmid pWRG 2426 (9260 bp) with Xbol and 
Xbal yields three fragments: a 1896 bp fragment containing 
the chimeric bar gene, a 6950 bp fragment containing bpl, 
gusA, and the vector sequences and a 414 bp sequence 
containing largely the CaMV355 promoter, which was driv- 

ing the bpt gene. Digestion of pWRG 2426 with Sail and 
Kpol yields five fragments: a 2032 bp fragment containing 
the chimeric bpt gene, a 5787 bp Fragment containing the 
gusA gene, the vector and the CaMV355 sequence driving 
the bar pene, and three small fragments of 253 bp, 313 bp 
and 875 bp. These three fragments contain parts of the 
chimeric bar gene. Digestion of pWRG 2426 with Not! 
yields two fragments: a 2628 bp fragment containing the 
chimeric gusA gene and the resi of the plasmid in a 6632 bp 
fragment, On either side of each gene cassette a few bp of 
vector & sequences are present, The bar pene cassetis con- 
tains 32 bp before the start of the promoter and 3 bp after the 
end of the terminator. The bpt cassette contains 24 bp before 
the start of the promoter and 13 bp after the end of the 
{erminator. The prusA cassetic contains 19 bp before the start 
of the promoter and 16 bp after the end of the terminator. 

Plant Material and Transformation 

The procedures for preparing immature rice embryos 
(Oryza Sativa L.), the minimal transgene expression cas- 
stttes contnining the bar, bpt or gusA sequences for 
bombardment, and the subsequent transformation and regen- 
eration of transformed plants are described elsewhere 
(Christou ct al., Bio/Technology, 9:957~962 (1991) incor- 
porated in its cutirety herein by reference). 

Briefly, immature rice embryos 12-15 days old were 
barvested from expanded panicles and sterilized with 2% 
sodium bypochionis for 5 minutes, They were subsequently 
rinsed repeatedly with sterile distilled water and the glumes 
were removed under aseptic conditions under a dissecting 
microscope and placed on MS medium (Murashige ct al, 
Plant Physiol, 15:473-497(1962)) or CC (Potrykus ct al, 
Theor Appl Genet., 54:209-214 (1979))} supplemented with 
2,4-D at 0.5 or 2.0 mg/L. with the adaxial side in contact with 
the medium (Datta et al., Bio/Technology, 8:736~-740 (1990) 
supra; Hartke et al., J. Genet. Breed. 43:205-214 (1989)). 

Mature seed-derived callus was prepared as described by 
Sudhakar ct al. Transgenic Res., 7:289~-294 (1998) 
(incorporated in its entirety by reference). Rice seeds (Oryza 
sativa ssp, indica) of diverse origin, CR-5272, M 7,ITA 
212, 64,KDME. 105, Basmati 370, M202, Jodon, Drew, 
Bengal, Cypress, Gulfmont, were debusked and surface- 
Sterilized in 70% ethanol for 3 minutes, thea in a 50% 
sodium hypochlorite solution for 30 minutes, and rinsed in 
Sterile distilled water, Seeds were placed in a petri dish 
containing 40 ml of culture medium for callus taduction: MS 
basal medium supplemented with 2.5 mg/L, 2,4-D, 3% {w/y) 
sucrose. The pH was adjusted to 5.8 before autoclaving at 
126° C, for 20 minutes. Seeds were incubated in the dark at 
27° C. Expanding mature embryos were separated from the 
endosperm 5-7 days after incubation, The explants were 
subjected to an ostaotic treatment (mannitol 0.4 M) for 4 
bours before and 16 hours afier bombardment. Immediately 
prior lo bombardment, tissue was secured on a prepared 
solid support. 

Gold particles were coated with the linear mimmal trans- 
gent expression cassettes as described for supercoiicd pias- 
mids according to the method of Christo et al. (1991) supra. 
For co-transformation experiments, we used a molar ratio of 
1:3 hpt (selectabic) to gusA (nonselected) cassettes, Particle 
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bombardment and recovery of transgenic plants on selective 
medium supplemented with phosphinothricin (PPT) or 
hypromycin (hyp), was carried out as described previously 
(Kein ct 21., 1987; Sudhakar et al, 1998; Vain ct al., 1998 
incorporated in their entirety herein by reference). Afier 
bombardment, the explanis were plated on fresh medium 
(supplemented with hygomycin 50 mp/L). Embryopenic 
calli plantlets were obtained every 15 days from the sub- 
culture of the calli resistant to 50 mg/L hygromycin, Selec- 
tion pressure was maintained throughout the proliferation 
and regeneration phases of in vitro culture. 

DNA, isolation 

Leaf DNA was isolated using the cetylirimethylemmo- 
nium bromide (CTAB) DNA extraction r method (Rogers et 
al, Plant Molecular Biology Manual, 2™ Ed. 1:1-8 (1994), 
incorporated berein by reference). Brisfy, leaf material was 
frozen in liquid nitrogen and was thea ground in the pres 
ence of sea sand and 10 ml bot (60° Cyc CTAB buffer (2% 
CTAB, O.AMTris-HCI, pH 8.0, 0.02M N2.-EDTA, 1.4M 
NaCi, 1% PVP). The slurry was incubated at 60° C. for ons 
hour, Phenol/chloroform/isoamy!] alcohol (25:24: 1) mix was 
then added (10 mi). After thorough mixing, the slurry was 
centrifuged at 3000 rpm for 10 mintttes to pellet the solid 
moaterinl, The supematant was collected and one volume of 
iso-propanol added. After one hour af 4° C. the mix was 
centrifuged af 3000 rpm for 10 minutes to pellet the solids. 
The pellet was washed in 70% ethanol and after drying it 
was dissolved in 1 ml TE (Tris-Ci 10 mM:EDTA 1 mM). 
Southem Blot Hybridization 

Aliquots of genomic DNA (5 Hp) were dizested overnight 
with the appropriais restriction enzymes, (ic, Hindi, 
EcoRi, Nbel, Clai, S81, BstX1, Sall or Ncol) the digested 
DNA, was fractionated by 0.8% agarose gel electrophoresis 
and alkalj-blotied on to Hybond N* membranes (Amersham) 
according lo the mannfacturer’s insiructions, The linear 
transpens cassetics containing only the coding regions of tic 
bar, bpt or pusA genes isolated from pWRG 2426 were used 
as probes. Briefly, bar or hpt probe DNA (25 yup) was 
radiolabeled with a-"*P-labeled dCTP (3000 Ci/mmol) by 
random primer method (Feinburg & logelsicin, Anal Bioc., 
137:266-267 (1994)). Southern blot hybridization was car- 
ried out as described previously (Kohli et al, Proc. Natl. 
Acad, Sci, USA, 95:7203-7208, (1998)). The filters were 
pre-bybridized and hybridized at 65° C. in the presence of 
high salt buffer, pH6.8 (3M NaCy0.1M Pipes/0.02M 
Na,EDTA), Denhardts solution and salmon sperm DNA 
(100 mg/ml of hybridization mix). The filters were subse- 
quently washed twice in 2xSSC, 0.5% SDS and once in 
0.2xSSC and 0.5% SDS, at 65° C. for 20 minutes and 
exposed to X-ray film. Autoradiography was carried out in 
a phosphoimager cassette for two days with Kodak XoMal 
X-ray film. The results are depicted in FIGS. 1-3, 

Small Scale DNA Isolation for PCR 

DNA was isolated from single leaffets, approximately 2 
cm in lenpih, according to the method of Edwards et al. “A 
simple and rapid method for the preparation of the plant 
genomic DNA for PCR analysis”, Nucleic Acids Research, 
19(6):1349 {1991). 

Briefly, a single Jeafict, approximately 2 cm long, was 
frozen in liquid nitrogen and ground in the presence of sen 
sand and 200,24 of extraction buffer (500 mM NaCl, 100 mM 
Tris-Cl (pH 8), and 50 mM Na, EDTA (pH 8)) in a 1.5 ml 
microfuge tube to obtain a homogenate. Twenty microliter 
of 20% SDS was then added to the homogenate and mixed 
thoroughly. Another 200 ul of extraction buffer were added 
to homogenaic, 

A phenoY/chloroform/isoamyl alcohol mix (25:24:1) was 
then added (400 yi) to the homogenate and mixed thor- 
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oughly again. The homogenate was then centrifuged in a 
microfuge at 13000 rpm for 5 minutes. The supernatant was 
coliccted and placed in a fresh tubs. The volume of the 
supermalant was determined and an equal volume of iso- 
propanol was added to the supernatant followed by a 1/10 
volume of sodium acelate (pH 4.8). The DNA was pellctied 
by centrifugation at 13000 rpm and dried. The dried pellet 
was dissolved in 50 mi TE (10 mM Tris-Cl: 1 mM EDTA) 
and DNA concentration was estimated by running the 
samples on a 0.89 agarose gel. Approximately 50 to 70 yg 
of DNA was used for PCR. 

Since all three transgene cassettes (gusA, bpt and bar) 
were driven by CaMV35S promoter, each DNA sequence 
was amplified using the same forward primer, CaM Fi: 
5'"-TAC AGT CIC AGAAGA CCA AA-3(SEQ ID NO: 8), 
which anneals to the CaMV promoter, The bar and bpt 
cassetits contained the nos terminator, therefore these genes 
were amplified with reverse primer, Nos Ri: 5’-AAT CAT 
CGCAAG ACC GGC AA-3(SEQ ID NO: 9), which anncals 
to the nos terminator. The gusA cassette was amplified using 
a pomer, Gus Ri: 5+GGG AGG CTA CAG ATG CIT 
TGC-3{SEQ ID NO: 10), which anneals to the 3' end of the 
gusA coding sequence. We used a 25 yl total reaction 
volume comprising 50 mM KCl, 10 mM Tris-Cl (pH 8.2), J 
mM MgC, 0.1 mM cach of the four dNTPs, 100 0M cach 
primer, 50-70 ng of genomic DNA and 1 unit of Taq DNA 
polymerase. The sequences were amplified under the fol- 
lowing reaction conditions: denaturation at 95° C. forS min, 
then 30 cycles (94° C., 1 min; 60" C., 1 min; 72° C , 2 min) 
followed by 7 min final extension at 72° C. 

The amplified PCR producis were separated on 0.8% 
agarose gel containing EtBr. Separated PCR products were 
visualized under UV light and photographed. The molecular 
weight marker DNA used was the 1 Kb Jadcer from Phar- 
macia. 

Enzyme Assays 

Histochemical GUS assays were carried out as described 
by Jefferson et al. EMBO J. 6:3901~3907 (1987) incorpo- 
rated herein by reference. Hypromycin phosphotransferase 
(HPT) assays were conducted by thin Jayer chromatography 

according to the method of Datta et al. Bio/ 
technology, 8:736-740 (1992), incorporated herein by ref- 
erence. 

Leaves (100-150 mg) were frozen in liquid nitrogen and 
pround using 9 mortar and pestle, Extraction buffer (05M 
Tris-Cl, pH 7.5, 10% glycerol, 0.1M phenyl methyl sulpko- 
ny] fluoride) was added (100 ml/l00-150 mg of tissue) to 
the ground material. The samples were then centrifuged at 
13000 rpm for 5 minutes at 4° C. to pellet the solids. The 
supernatant was collected (the crude extract) and stored 
~20° ©. To assay for hygromycin phosphotransferase 
activity, 10 mi reaction mixture of 50 mM Tris-maleate pH 
7.0, 50 mM CaCl, 0.05 mM ATP, 0.4 ol (g-32P) ATP (10 
mCi/ml; 3000 Ci/mmol), 62 mg hygromycie-B and 5.6 mi of 
cmide extract was incubated for 30 minules at 37° C. One mi 
of the reaction was then applied to a PEI-celiulose thin layer 
chromatography (TLC) plate (Whatman). TLC was per- 
formed in 50 mM sodium formate/formic acid pH 5.4 as the 
liquid phase. The plates were allowed to dry and subjected 
to autoradiography. 

Phosphinothricin acetyltransferase (PAT) T1.C assays 
were perfomned as described by De Block et al., EMBO J, 
6:2513-2518(1987), incorporated herein by reference. One 
bundred mg of leaf tissue, 50-100 pd of extraction buffer (50 
mM Tris-Cl, pH 7.5, 2 mM Ns.EDTA, 0.15 mg/ml 
leupepline, 0.15 mp/ml of phenyl methyl sulphonyl fuonde 
(PMSF), 0.3 me/ml bovine serum albumin (BSA) 0.3 mg/ml 
DTT) and 5 mg sea sand were mixed and ground in an 
Eppendorf tube to form a homogenale, The homogenate was 
centrifuged at 23000 rpm for 2 minutes. The supematant was 
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collected and centrifuged again st 13000 rpm for $ minutes 
to eliminate any particulate matter and form a clarified 
extract. 12.5 gd of clarified extract were mixed with PPT 
(0.75 mi of a 1 mM stock in 50 mM Tris-Cl pH 7.5, 2 mM 
Na2EDTA) and AcCoA (1.25 24, 14° C.) (58.1 mCi/mmol). 
The reaction mixture was incubated at 37° C. for 30 minutes. 
Asix pl aliquot of the reaction mixture was then spotted on 
a sitica-pel TLC plate. Ascending chromatography was 
cartied ont in a 3:2 mixture of l-propanol and ammonium 
hydroxide (25% ammonia) at 14° C. and was visualized by 
autoradiography (XAR-5-Rodak film overnight). 

Recovery of Transgenic Plants 

A total of 108 independent transgenic rice plant Hines 
transformed with the bar cassette, 42 lines transformed with 
the bpt cassetie and 28 lines co-transformed with the bpt and 
pusA, casselies wore obtained. PCR analysis was performed 
on all of the transgenic plants to confirm the presence of thé 
bar or bpt cassettes as appropriate, The presence of the pusd 
cassette was verified by PCR and histochemical GUS assny. 
Molecular Analysis of Bar Cassette Integration Patierns 

A represeniative sample of 26 transgenic plants carrying 
the bar cassette was analyzed in detail. Genomic DNA from 
exch of the transgenic lincs was digested with Hindi, 
which cuts once at the 5' end of the bar cassette. Five 
enzymes that do not have recognition sites (non-cutters) 
within the cassette were also used (BstXI, Clal, EcoRI, Nhel 
and Sfil}. These experiments allowed the determination of 
the mumber of transgenic loci in each line, provided an 
estimate of transgene copy number, and revealed the specific 
integration patterns for each primary mant., The 
results are summarized in Table I. 

Analysis of Southem blots bybridized with the bar probe 
revealed a single band in abou! 40% (9 out of 26) of the 
transformed plant lines when digested with HindHI and 
about 73% of the HindIi digested sumples displayed very 
simple hybridization patterns (between one and three 
bands). There were only three plant lines that generated 
roore than five hybridizing bands {A5-14, A5-15 and Ai3-2), 
when digested with Hindi (Table J). 

In three of the plant lines (A19-12, A19-14 and A19-17) 
the single band observed when genomic DNA was digested 
with Hind!Ii resolved into two bands when the DNA was 
digested with Nhel, an enzyme that docs not have a reeog- 
nition site in the cassetic (Table 1). This indicated that the 
single Hindi band did not necessarily represent a sings: 
transpene copy. As shown in Table 1, we obtained a single 
hybridizing band with at least one of the five non-cutter 
enzymes used, except in lines A 13-2 and Al9-7. This 
indicwled that in cases of multicopy integration events, all 
the integrating copies resided at a single transgenic locus. 

FIG. 1 shows a Southern blot of genomic DNA from cight 
representative lines digested with Sfil or Hindiil, and probed 
the bar coding sequence. The number of bands obtained after 
HindI digestion ranged from 1-7, but in all cases Sfil 
digestion (which docs not cut within the cassette) produced 
a single band, demonstrating cassette integration at a single 
sits, 

Molecular Analysis of bp! Cassette Integration Patterns 

Analysis of transpenic plants carrying the bpt cassette 
revealed even simpler integration pattems. FIG. 2 shows 2 
Souther blot of genomic DNA from 15 representative lines 
of the 42 generated. The DNA was digested with Sall, which 
has a single site at the 3' end of the cassette proximal to the 
3' end of the nos tenminator. Eight Hines showed a single 
band, four showed two bands, and two lines showed mul- 
tine (more than five} bands. Six lines carrying the hpt 
cassette were analyzed in more detail using the non-culters 
BstXi, Clal, EcoRJ, Nbel, and SAI. We obtained a single 
band in cach of the six lines with at Irast one of the 
non-cufters. 
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Molecular Analysis of gusA Cassette Integration Patterns 

Finally, we analyzed gusA cassette integration pattems 
resulting from co-transformation with separate bpt and gusA 
minimal linear cassettes. FIG. 3 shows a Southern blot of 
genomic DNA from 18 representative lines digested with 
Neol, which cuts at a single site near the 5’ end of the pusA 
coding region, and hybridized to gusA probe, We found that 
about 50% of the Hines produced a single band, and none of 
the Hoes produced more than four bands. Thirteen of the 
eighieen lines displayed simple integration patterns. The 
observalion of such simple integration patterns for both 
selected and nonselected transgene casseties indicates that 
the patierns result from the nature of the exogenous DNA 
fragment and not from selection pressure arising during 
plant regeneration, which might favor high-expressers with 
simple transgene structures. 
Annlysis of Transgene Expression 

PAT and HPT thin jayer chromatography assays were 
performed to verify expression of the bar and bpt genes at 
different slages of development Leaf samples were har- 
vested al three stages of development: a} when the plant was 
transferred from rooting medium lo soil; b) 40-45 days after 
the transfer to soil (before flowering) and c} 70-90 days after 
transfer to soil (afier flowering). We detected PAT and HPT 
activities at all three stages, We used the histochemical GUS 
assay (Jefferson ct al, 1987, supra, incorporated herein by 
reference) to detect GUS activity in callus lines, and 
abserved GUS activity in all but two lines (Nip-1 and 
Nip-14) transformed with the pusA gene cassetic, Expressed 
was monitored through to the R4 generation of transgenic 
plants sod transgene expression remained stabic in ali lines. 





TABLE 1 
Summary of Southern blot resulls for transgenic lines 
cootnining the bar oxprrssion cxssetic 
Line o, of Sovthers bands efter ating with realsiction enzyme 
No. Hindi = EcoRI Niel Clai SRI BalxI 
ea ena ER RE + DRESSAGE PRBS SESE RSET | PSL Eo PSS Ss Arty 
AS 3 z 3 1 nd nd 
A5-30 5 8 2 6 nd 1 
A5-33 § 7 1 4 nd nd 
AS5-14 g 7 z 3 3 5 
AS-35 7 4 3 nd | 4 
AS5-16 I 1 1 1 i z | 
AS-37 1 3 1 3 a 1 
A5-19 3 3 3 z 3 nd 
AS-22 3 q = z nd 1 
AS-23 5 2 2 Z a 2 
AI3-2 8 6 1 7 1 1 
AI2-S 3 2 3 7 od 2 
Ai3-7 z Zz 2 2 3 i 
AlD-S z 1 1 1 a i 
Al3-7 4 21 2 3 nd — 
A2D-8 2 Zz 2 - 3 1 
Al9.32 3 i 2 3 1 i 
AI9.33 3 2 1 } ne nd 
Al9-34 1 | 2 I i 1 
AI2-36 2 2 I 2 | 3 
ALS-37 1 1 2 3 3 | 
A29-29 1 vs § i 1 | 
Ad3-20 I 1 1 1 3 I 
AlD-23 2 3 I 3 z 3 
AI9-23 1 1 1 3 1 ] 
A21-4 2 Zz Z i 2 2 
nd, not determined 


Example 2 
Co-intepration and Co-expression of Multiple Transgenes 
Transgene Integration 
Five different! transgenes in the form of minimal transgene 
casseties were co-transformed into rice tissue via particle 
borobardment as described supra. The transgene cassettes 
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comprised a genetic marker, ic., phosphinothricis acctyl 
transferase (bar), B-giucuronidase (gusA), bygromycin 
phosphotransferase (hpt), firefly luciferase (luc), or anthra~- 
nilats synthase (as), a promoter and a terminator. The 
particular components of the vanious minimal transgene 
casseties used in these experiments are displayed in Table 2. 


Transgenic plants were selected for hygromycin resis- 
tance and were analyzed using PCR and Southern blots to 
determine the umber of independen! transfonsation events, 
the frequency of co-integration of 2 or more of ihe five 
transgenes, and the intepration frequency of cach of the 
transgenes. The expression of the various transgenes was 
aiso assayed. 


Tables 3a, 3b and 3c summuerize the integration and 
co-intepration frequencies of the various transgenes. PCR 
and Southem blot analyses were used to analyze the inte- 








gration of the transgenes within the plant genome. 
TABLE 2 
The minimal transeene teeseties used for transformation 
Grac Promoter Tenninaler 
bar CaMV 35s-Adhi Nopeline 
intron synthase 
{nox) 
psd CaMV 356 Rubises Small 
subunit 
{u0u) 
hpt CaMV 35s nos 
luc Ubi 2-ubi 3 fatron wert 
Rs Boubls CaMV 35s CxMV¥ 





Thirty cight independent transgenic plants, which inte- 
grated two or more different types of transgene cassettes, 
were recovered following co-transformation with the five 
minimal transgene cassettes by particle bombardment and 
selection for hygromycin resistance. 


Table 3a displays the total number and percent of the 
transgenic plants that contained 2, 3, 4, or 5 transgenes 
integrated into their genome. 


Table 3b displays the intepration frequency of cach trans- 
gene. 


Table 3c displays the various combination of inteprated 
transgenes and the frequency with which cach combination 
was found in the thirly-cight plants. A variety of different 
transgene combinations were detected. 


TABLE 3n 


Cotrans formation frequency ob tre t evict 








Na. of pinnts out of 





Number of genss 38 independent Cn-translormation 
inteprated lines freyuency Se 
2 § 16% 
3 1 39% 
4 iI 20% 
§ 6 36% 


Page 26 of 32 


Case 1:04-cv-00305-SLR Document 293-2 


Filed 02/10/2006 


US 6,846,970 B1 














17 
TABLE 3b 
Inlegration frequency for each tmnspene 

No. of plants out Integration 
Inleprated of 38 independent frequency 
transpens lines co 
bar 34 9% 
gud 20 53% 
hpt 38 100% 
luc 15 40% 
ns 24 63% 

TABLE 3c 








Integrstion Frroueney of different tmnspene combinntions 
No. of plants out of 








Gene 38 independent Frequency 
combination lines Ye 
bpt-bar 3 8% 
hpl-luc 1 3% 
hpt-ns 2 5% 
bpt-bar-pus 4 10% 
hpi-bar- inc 3 B% 
bpt-bar-ns 7 1B% 
bpt-Juc-as 1 3% 
hpt-bar-gus-lnc 4 10% 
hpt-bar-pus-ns 6 16% 
hpt-bar-jnc-na 4 3% 
bpt-bar-guus-luc-as 6 16% 





Transgene Expression 

Expression of all five transgenes was determined at the 
mRNA, level using RT-PCR or Northern blots. All transgene 
products, except for Anthranilate synthase, were assayed on 
the protein level by assaying for cazyme activily using 
standard techniques. Once expression of each of the trans- 
genes in the various plants was determined, the results were 
labulated to determine the frequency of co-expression of the 
transgenes in each plant. Twenty-four of the thirty cight 
iranspenic plants (63%) co-expressed at least two inteprated 
transpeucs. 

Table 4a displays the frequency of transgenic plants 
co-expressing two or more integrated transgenes, repardiess 
of the identity of the transgene. 

Table 4b displays the expression frequency for cach of the 
integrated transgenes. 

Table 4e depicts the number of the thirty-cight indepen- 
dent plant lines expressing various combinations of the five 
transgenes. 


BEQUENCE LISTDIG 


<i60> NUMBEA OF SEQ Ib ROS: 10 


«<21f> SEQ ID WD 1 

eZli> LENGTH: ¢ 

<2i2> TYPEt PRT 

egi3> ORGANISH: artificial sequence 
<220> FEATURE s 


«223> OTHER INFORMATION: ER retention cignal sequence 
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TABLE 42 








Co-copression of multiple transgenes 








Number of No. of plants out of Cocxpression 
co-expressing genes 38 independent lines frequency $e 
2 5 24% 
3 10 26% 
4 4 Tlf 
5 i 3% 
TABLE 4b 








Frequency of independent lines expression 
specific iranspenes 


No. of indspendent 











lines expressing 

geneiNo. of Exprestios 
Gene indepeodent lines Erecurncy 
expressed with pene integrated t 
bar 24/34 74 
Gus A 30/20 $0 
hpt 38/38 100 
lis iOS 67 
Bs 34/24 58 

TABLE 4c 





Frequency of co-expression of different 
transpeoe combinations 


No, of plans put of 38 


independent lines 

Gent combinations (Co-expression Frequency %) 
hpl-bar 8 (21%) 
bot-lie 2 (5%) 
bpl-as 3 (8%) 
hpt-bar-gus 2 (5%) 
hot-bar-lus 2 (5%) 
hpt-baras § (16%) 
bpt-pus-fe 1 @%) 
bpt-bar-pus-luc 2 (5%) 
bpt-bar-gusA-ps 2 (5%) 
bpt-baregusA-furens 1 (S%} 
hpt-gus-hut-ps 2 (5%) 

bpt 7 (19%) 
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continued 





<400>» SEQUENCE: 1 


Lyr Acp Glu Leu 
1 


a2Z1iD> SEQ TD WO 2 

eZli> LENGTH: 4 

e2l2> TYFE: ERT 

<213> ORGANIEGN: Artificial Sequence 

cart> FEATURE: 

<223> OTHER INPORMATION: ER retention signal sequence 


<400> SEQUENCE: 2 


His Acp Glu Leu 
i 


<210> 5EQ ID HO 3 

“«Zll> LENGTH: 12 

<alee SRPE: DRA 

<213> ORGANISM: artificdal sequence 

«re» FEATORE: 

<2gd> OTHER TRPRORMATION: Oligonucleotide encoding KXDEL 


c400> BEQUENCE: 2 


anagetygage te 32 


<210> SEQ INO ¢ 

<2ll> LENGTH: 12 

«“2i2> TYPE: NWA 

<2)3> ORGANISM: artificial eceguence 

<220> FEATURE: 

<223> OTHER ZUFORMATION: Oligonucleotide encoding BDEL 


<490> SEQUENCE: 4 


catgatgage te iz 


<2i0> SEQ Ip NOS 

<2Qil> LENGTH: 5 

<2i2> TYPE: PRT 

<213> ORGANISM: artificial sequence 
22> PERATURE: 

<224> OTHER TIFORMATION: Linker sequence 


<400> SEQUENCE: 5 


Gly Gly Gly Gly Ser 
i 5 


<210> SEQ ID a 6 

<2il> LENGTH: 4 

<212> TYPE: FRT 

<2Zl3> ORGANISH: artificial sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Linker sequence 


<40G> BEQUETICE: 6 


Arg Gly Ser Giv 
1 


e210> SEQ ID NO 7 

<21l> LENGTH: 13 

<212> TYPE: DRA 

<213> ORGANISM: artificial sequence 

<220> FEATURE: 

<223> OTHER INPORMATION: SHI recognition nite 
<22l> NAME/KEY: misc feature 

<222> LOCATION: {5}..[9)} 

<223> OTHER INPORMATION: WN de any nuclestide 
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~continued 





<400> GEQUERCE: 7 


ggetennnnne egg 


“<2ift> BEG ID WO 

eghie LERGTH: 20 

<222> TYPE: DIA 

<2i3> ORGANISM: artificial requence 
“220> FEATURE: 

e2 24> 


<460> SEQUENCE: 8 


tacagteten gqaagaccoaa 


<210> SEQ In NO S 

<211> LENGTH: 26 

<212> TYPE: DRA 

<213> ORGANISM: artificiel sequence 
<220> FEATURE s 


13 


OTHER INFORMATION: Primer that binds CaXxV prompter 


20 


<223> OTHER INFORMATION: Primer thet binds to Non terminator 


<400> SEQUEECE: 9 


satcategra agacreggeaa 


<210> SEQ TD HO 1D 

<2ll> LERGTH: 21 

<2l2> TYPE: DRA 

<213> ORGANTSH: artificial sesuence 
<Z20> FEATURE: 


26 


<223> OTHER INPORMATICN: Primer that binds to 3° end of gueA coding 


pequente 
<40D> BEQUENCE: 19 


qqgaggctac agatgetttyg c 





We claim: 

1. A method for producing a population of tiapsgenic 
plants producing a desired product whercio less than about 
20% of said transgenic plants undergo transgene silencing, 
said method compnsing transforming intact plant cells with 
one, or more, minimal transgene expression cassette encod- 
ing the desixed product by direct DNA transfer fechniques 
and regenerating a population of transgenic plants from said 
transformed plant cells, and wherein less than about 20% of 
sid transgenic plants undergo transgene silencing, wherein 
suid minimal transgene expression cassette is a mucleic acid 
molecule encoding the desired product wherein no more 
than sbout 50 nucleotide pairs of the sequences in the 
nucleic acid molecule are sequences that do pot cucode or 
regulate expression of the desired gene product 

2. The method of claim 1, wherein the direct DNA transfer 
technique is selected from the group consisting of particle 
bombardment, microinjection, silicon carbide fiber 
transformation, the vortexing method and liposome medi- 
ated DNA uptake. 

3. The method of claim 1, wherein the direct DNA transfer 
technique is particle bombardment. 

4. The method of claim 1, wherein the minimal transgene 
expression cassette comprises no more than about 20 nucle. 
otids pairs that are vector sequences, 

5. The method of claim 1, wherein the minimal transgene 
expression cassetle docs not comprise vector sequences. 

6. The method of claim 1, wherein the minimal transgene 
expression cassetic comprises a genetic marker. 

7. The method of claim 1, wherein the plant cell is 
co-transfonned with a first minimal transgene expression 
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cassetic comprising a genetic marker and a second minimal 
transgene expression cassette comprising a transgene which 
is not the penctic marker in the first transgene expression 
cassctic. 

&. The method of claim 7, wherein the genetic marker 
encodes « product that confers resistance to an antibiotic, an 
herbicide, methotrexate, plyphosate or a metabolic inhibitor. 

$, The method of claim 7, wherein the penelic marker 
encodes an cozyme selected from the group consisting of 
hygromycin phosphotransferase, phosphophinothricin 
acetyltransferase, neomycin phosphotransferase, kanamycin 
phosphotransferase, epsp synthase, acetolactate synthase, 
and mannose isomerase. 

16. The method of claim 7, wherein the transpene of the 
first minimal transgene expression cassette is a penetic 
matker selected from the group consisting of hpt, bar, neo, 
luc, gus and Gfp. 

11, The method of claim 2 wherein the transpene of the 
minimal transgene expression cassctic cocodes a seed stor- 
ape protein. 

12. The method of claim 1, wherein the transgene of the 
minimal transpene expression cassette encodes an antibody. 

13. The method of claim 1, wherein the transgene of the 
minimal transgene expression casselte encodes an antibody 
frapment 

14, The method of claim 12, wherein the antibody frag- 
ment is selected from the proup consisting of Fab', F(ab’)., 
single chain Fv fragments, bispecific single chain Fv frag- 
ments and diabodies. 

15. The method of claim 1, wherein the transgene of the 
expression cassette encodes an antisense RNA. 
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16. The method of claim 1, wherein the plant cells are 
from a monocotyledonous or a dicotyledonous plant. 

47. The method of claim 1, wherein the plant cells are 
regenerable tissue. 

18. The method of claim 17, wherein the plant cells are 
selected from the group consisting of embryo plant cells, 
callus celis, meristem cells, leaf cells, root cells, bypocoty} 
cells, cotyledon cells and shoot cells. 

19. The method of claim 18, wherein the embryo plant 
cells are mature embryo seed cells or immature embryo 
cells, 

20. The method of claim 18, wherein the callus cells are 
Type I or Type HW caljus cells. 

2L, The method of claim 16, where in the monocotyle- 
donous plant is selected from the group consisting of barley, 
corn, millet, rice, sorghum, oat and wheat. 

22. A method for producing a population of transgenic 
plants comprising a transgene expressing a desired product 
wherein said population of transgenic plants has a reduced 
percentage of transpenic plants ibal undergo transgene 
silencing as compared to a population of transgenic plants 
transformed by direct DNA transfer techniques using a 
whole or linearized veclor comprising the transgene, said 
method comprising transforming intact plant cells with one, 
ormore, minimal transgene expression cassetie encoding the 
desired product by a direct DNA transfer technique and 
regenerating a population of transgenic plants from said 
transformed plant cells, wherein said minimal transgene 
expression cassette is a nucleic acid molecule comprising 
the transgene wherein no more than about 50 nucleotide 
pairs of sequence of the nucleic acid molecule do not encode 
or regulate expression of the desired gene product and 
wherein the population of transgenic plants transformed 
with the minimal transgene expression cassetic has a 
reduced percentape of transgenic plants that undergo trans~ 
gene silencing as compared to the population of transgenic 
plants transformed by direct DNA transfer techniques using 
the whole or linearized vecior comprising the transgene. 

23. The method of claim 22, wherein the direct DNA 
transfer technique is selected from the group consisting of 
particle bombardment, microinjection, silicon carbide fiber 
transformation, the vortexing method and Liposome medi- 
ated DNA uptake. 

24. The method of claim 22, wherein the direct DNA 
transfer technique is particle bombardment. 

25. The method of claim 22, wherein the minimal trans- 
gent expression cassetic comprises no more than about 20 
oucleoltide pairs that are veclor sequences. 

26. The method of claim 22, wherein the minimal trans- 
gene expression casselte dots not comprise vector 
SEGUEHCES. 

27. The method of claim 22, wherein the minimal trans- 
geet expression cassette comprises a genetic marker. 
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28. The method of claim 22, wherein the plant cell is 
co-transformed with a first minimal transgene expression 
cassette comprising a penetic marker and a second minimal 
transgene expression cassette comprising a transgene which 
is not the genetic marker in the first transgene expression 
cassettc. 

29. The method of claim 28, wherein the penetic marker 
encodes a product thal confers resistance to an antibiotic, an 
herbicide, methotrexate, glyphosate or a metabolic inhibitor. 

30. The method of claim 28, wherein the genetic marker 
encodes an enzyme selecied from the group consisting of 
hygromycin phosphotransferase, phosphophinothricin 
acetyliransferase, neomycin phosphotransferase, kanamycin 
phosphotransterase, epsp synthase, acelolactate synthase, 
and mannose isomerase. 

31. The method of claim 28, wherein the transgene of the 
first minimal transgene expression casselte is a genetic 
marker selected from the group consisting of bpt, bar, neo, 
luc, gus and Gfp. 

32. The method of claim 22, wherein the transgene of the 
minimal transpene expression cassetic encodes 2 seed stor- 
age protein. 

33. The method of claim 22, wherein the transgene of the 
minimal transgene expression casselle encodes an antibody. 

34, The method of claim 22, wherein the transgene of the 
minimal transgene expression cassette encodes an antibody 
fagment. 

35. The method of claim 34, wherein the antibody frag- 
ment is selected from the group consisting of Fab’, F(ab’), 
single chain Fv fragments, bispecific single chain Fv frag~ 
ments and disbodics.. 

36. The method of claim 22, wherein the tmuosgene of the 
expression cassette encodes an anlisense RNA. 

37. The method of claim 22, wherein the plant cells are 
from a monocotyledonous or a dicotyledonous plant. 

38. The method of claim 22, wherein the plant cells are 
regencrable tissue, 

39, The method of claim 38, wherein the plant cells are 
selected from the group consisting of embryo plant cells, 
callus celis, meristem cells, leaf cells, root cells, hypocotyl 
cells, cotyledon cells and shoot cells. 

40. The method of claim 39, wherein the embryo plant 
cells are mature embryo seed cells or immature embryo 
cells. 

41. The method of claim 39, wherein the callus cells are 
Type I or Type Il callus cells. 

42. The method of claim 37, wherein the monocotyle- 
donous plant is selected from the group consisting of baricy, 
com, millet, nes, sombum, oat aod wheat. 

43. The method of claim 22 wherein the reduced percent- 
age of transgenic plants that undergo transgene silencing is 
less than about 20%. 
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